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. ABSTRACT 

The present invention provides a composition for 
preventing or treating diseases accompanied by a decrease 
in bone weight, hypertension and diseases resulting from 
5 hypertension, the composition containing, as an active 
component, at least one member selected from a compound 
represented by formula (1) °l 

1* JUL * 9 ^ 

( i ) TiOHOt 




[wherein A and B are the same or different and 
10 each represents a halogen atom, an amino group, an amidino 
group, an anilinoamide group, a mercapto group, a sulfonic 
acid group, a phosphate group, a carboxy group, a hydroxy 
Ci to C 5 alkyl group, a sugar residue, -ORl (Rl represents 
a hydrogen atom, a C x to C 5 alkyl group, a hydroxy Cl to C 5 
15 alkyl group or a C 2 to C 5 alkenyl group.) or -OCOR2 (r2 

represents a C x to C 5 alkyl group, a hydroxy C x to C 5 alkyl 
group or a C 2 to C 5 alkenyl group.) . 

n and m are the same or different and each is an 
integer from 0 to 5. There are n A' s and m B's each of 
20 which may be the same or different.] and its multimers. 
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Summary 

tw It, V&lU T ? e b ° ne is ° en ^ me of seru ™ alkaline phosphatase peak in ihe first 
two years of age, between 6 and 7 years of age, before the end of puberty and in hi 
postmenopause.^A population between the ages of 29 and 45 provid a reference 
population to which all other age groupings can be compared. A^sigSSi^S" 
correlation was found between bone isoenzyme of serum alkaline pl2S 
unnary hydroxyproline excretion in children as well as after p^S^t 
omna^ CXCreti ° n WaS -gniLantly hig^e wh e» 

corTa tnZtf ?t 1S ° enZ T ° f aIkaHne A significant! positive 

correlation was found between the bone isoenzyme of alkaline phosphatase and 
Plasma tartratc-resistant acid phosphatase, irrespective of age an ^ sex The tochl 
«cal indices of bone remodelling correlated significantly tith ihTg^S^ 

ctupt^of b r It$ ^ " g ° 0d the^ncept a o nne 

coupling of bone formation to bone resorption. 



Introduction 

r J^! etaI rem ° delIing by OSteodasts and osteoblasts refers to the process of bone 
resorption and formation, respectively. These two bone processes are coupled not 
only m healthy adults [1] but also in some cases of abnormal bone metabohsm, e g 

^C~a £ DCP ~ °' * U nemocnice 1, CS-128 00 

0009-8981/85/SO3.3O © 1985 EI S evicr Science Pub.isher S B.V. (Biomedical Div isio „) 
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hyperparathyroidism [2]. In some diseases, e.g. multiple myeloma, a dissociation is 
found between bone resorption and bone formation [3]. Osteoblastic function is 
reflected by the activity of circulating bone isoenzyme of alkaline phosphatase 
(orthophosphoric-monoester phosphohydrolase (alkaline optimum), EC 3.1.3 1 
ALP) [4]. Bone remodelling by osteoclasts is reflected by urinary hydroxy proline 
excretion [5] and by plasma tartrate-resistant acid phosphatase (ortho- 
phosphoric-monoester phosphohydrolase (acid optimum), EC 3.1.3.2, ACP) [2,6]. 

In normal individuals, the urinary hydroxyproline excretion and the activity of 
bone isoenzyme of serum ALP and plasma tartrate-resistant ACP have been found 
to vary with age [6-9], increasing during periods of rapid growth. This prompted us 
to compare the relationships between the biochemical indices of bone remodelling 
during childhood, adolescence and in healthy adults. 

Materials and methods 

Population 

The biological variations of the bone isoenzyme of serum ALP were determined 
in a population sample of 2100 subjects (947 males and 1153 females) who came for 
a health check-up between 1978 and 1983. Health criteria for acceptance into the 
study were: an absence of familial diseases in parents and siblings, no past or 
present history of hepatobiliary, renal or skeletaF disorder (X-ray examination) or 
d.seases likely to be associated with skeietal wasting, such as thyrotoxicosis, diabetes 
hypercorticism, malabsorption, rheumatoid arthritis and other crippling diseases' 
Also excluded were pregnant women and individuals treated with sex hormones 
thiazides, or other drugs known to influence calcium metabolism. The same criteria 
were applied to school children, students, and blood donors used in this study 22% 
of the population were 1 to 14 year old children, and 39% were adults older than 45 
years. 

The activity. of plasma tartrate-resistant ACP and urinary hydroxyproline excre- 
tion were determined on a more limited sample of 330 and 680 individuals 
respectively, of whom 26% and 17%, respectively, were children 1 to 14 years old,' 
and 32% and 43%, respectively, were adults older than 45 years. 

The mean growth rate (cm/year) for the particular age and sex in children and 
adolescents was taken from an anthropometric study performed by the Institute of 
Hygiene and Epidemiology, Prague, 1981. All subjects were within normal weight 
and height range according to age and sex, as determined by the table from the 
above study. All subjects were residents of the city of Prague. 

Blood samples were taken between 07.00 and 08.00 from the cubital vein after a 
fasting period of approximately 12 h, with use of tourniquet for as short a time as 
possible. The serum was separated within 1 h of sampling. 

Biochemical analysis 

The activity of bone isoenzyme of serum ALP (bone ALP) was determined with 
4-nitrophenyl phosphate as substrate using an inactivation-inhibition method [10] 
One unit (U) of enzyme activity corresponds to the hydrolysis of 1 M mol of substrate 
per min. The interassay coefficient of variation was 5.6%. 
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The activity of plasma tartrate-resistant ACP (TR-ACP) was determined with 
4-nitrophenyl phosphate as substrate within 10 min of sampling [2]. The interassav 
variation was 5.2%. ' y 

Total hydroxyproline in urine was measured by the method described by Dubov- 
sky et al. [11] The mterassay variation was 3.6%. All subjects were given a 
hydroxyprohne-free diet for 48 h prior to urine collection and for another 8-h period 
during which the urine was collected. 

The reference Z-score (RZ-score) is the calculated deviation from the mean va Iue 
of the distribution of samples of the reference population expressed as standard 
deviation (so). The population between the ages of 29 and 45 was taken as the 
A tTmlZ r ^ship between urinary hydroxyproline excretion and bone 
(HBP) was ^pressed as a difference between the respective; RZ-scores. 

Statistical analysis 

Conventional statistical methods were used for calculation of means, standard 
dev,at,ons, wmsonzed means with the shortest confidence intervals, percentiles and 
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Fig. I. Scattergrams of bone isoenzyme of serum ALP by age in healthy females (top) and males (b. 
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regression analysis using BMDP. IV, 1R, and 7D programs of the University of 
California Health Computing Facility [12]. The statistical analysis was applied to 
logarithmically transformed data.. The original skewed data were tested to confirm 
the validity of the transformation. 



Results 



The distribution of bone ALP with age in healthy individuals (Fig 1) shows a 
steady decline in the enzyme activity towards the adult values during adolescence in 
both sexes. In male adolescents, however, it is more prolonged (p < 0 001) Between 
the ages of 24 and 45 in women, and. 29 and 85 in men the mean bone ALP remains 
relatively unchanged (Table I). 

In women, a significant bone ALP peak occurs between the ages of 50 and 60; 
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Fig 2. Biochemical indices of bone remodelling by age in healthy males (top) and females (bottom) 
Reference population mean and SD (log transformation) for bone ALP, TR-ACP and urinary hydroxypro- 
line excretion: 1.01 and 0.09, 1.21 and 0.07. and 0.62 and 0.05. respectively. O: bone ALP (for the six «e 
groups. „_48. 111. 50, 189,. 127 and 233. respectively, in males, and 46. 80. 45. 267 170 and 184 
respectively, in females). TR-ACP (for the six age groups, „ = 6, 25, 10, 36, 20 and 15, respectively in 
males, and 6, 11, 10. 50. 50 and 13. respectively, in females). urinary hydroxyproline excretion (for die 
six age groups, n-10. 28, 15, 78, 44 and 57, respectively, in males, and 6, 13. 11, 122 101 and 56 
respectively, in females). - probability by use of one-way analysis of variance, as compared with the other 
variables, p < 0.005. 
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F.g. 3. Relationship between (he activity of bone ALP and plasma lartraie-nsisiani ACP in children 
before the end of puberty (circles, log y = 0.46 log x +0.28. r = 0.71, „ *, 58, p < 0.001) and from the 
end of puberty to 28 years of age (triangles, log > - 0.58 log x +0.03. /- = 0.96. n = 70. p < 0 001) Black 
males; white, females. The dotted lines indicate the 95% confidence limits of the older group. 

19% of the values are above the upper limit of the reference population A 
sex-related difference was observed in the bone ALP in older adults as well (Table I). 

The standard error of the mean activity of bone ALP did not change with age 
(sem log bone ALP, mean ± sd, 0.06 ± 0.02 U/l, range 0.03-0.13 U/l, see also Fig 
4). Similar results were obtained with TR-ACP and urinary hydroxyproline. There- 
fore, it is possible to compare the different variables in different age groupings (Fig. 

A significant positive correlation was found between bone ALP and TR-ACP, 
irrespective of age and sex (Fig. 3). Accordingly, the distribution of TR-ACP with 
age fitted well with the distribution of bone ALP (Fig. 2). 

The distribution with age and sex of urinary hydroxyproline excretion was similar 
to that of bone ALP with the exception of children and some women between the 
ages of 49 and 60 (Figs. 2 and 4). 

A significant positive correlation was found between bone ALP and urinary 
hydroxyproline excretion in children as well as after puberty (at sexual maturation 5) 
(Fig. 5). However, these two regressions differ significantly {p < 0.001). Accordingly, 
the HBP values were significantly higher in children as compared with the group 
from the end of puberty to 28 years of age (2.6 ± 1.6 and 0 ± 0.98, respectively, 
p < 0.001). The HBP was not sex dependent. In the reference population, the 
relationship between the variables (log hydroxyproline = 0.53 log bone ALP + 0.67, 
n = 200, r = 0.72, p < 0.001) was similar to that in the group from the end of 
puberty to 28 years of age. 

Similarly, a significant positive correlation found between TR-ACP (x) and 
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Fig. 5. Relationship between the activity of bone ALP and urinary hydroxyprolinc excretion in children 
before the end of puberty (circles, log y = 0.70 log x +0.71. r = 0.63, n - 93, p < 0.001) and in individu- 
als from the end of puberty to 28 years of age (triangles, log y = 0.74 log x +0.46. r = 96, n = 0.92, p < 
0.001). Black, males; white, females. The dotted lines indicate the 95% confidence limits of the 
regressions. 
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Fig. 6. Relationship between the mean growth rate for the particular age and sex, and the biochemical 
indices of bone remodelling. The lines indicate the 95% confidence limits of the regression of bone ALP 
on growth rate (y = 5.00 log x +5.30, r = 0.91, n = 615. p < 0.001). The circles indicate the individual 
values for urinary hydroxyproline excretion regressed on the growth rate (y = 9 54 log x + 4 45 r = 
0.91. n= 142. p< 0.001). * 

urinary hydroxyproline (y) in children (log 7 = 0.72 log x + 1.25, r = 0.39, « = 
49, p < 0.01) was significantly different (p < 0.001) from that in the group from the 
end of puberty to 28 years of age (log y = 1.21 log x + 0.48, r = 0.96, » = 50, p < 
0.001). 

The biochemical indices of bone remodelling correlated significantly with the 
mean growth rate for the particular age and sex in children as well as following 
puberty (Fig. 6). Again, in children with high growth rate the urinary hydroxyproline 
excretion was more enhanced as compared with the bone ALP. This difference was 
not evident following the end of puberty. When the difference (HBP) was regressed 
on growth rate and puberty, the HBP remained a significant positive function of the 
growth rate and a significant negative function of puberty ( p< 0.001). 

Discussion 

In this study, very constant bone ALP, TR-ACP and urinary hydroxyproline 
values are found between the ages of 29 and 45 in males as well as in females; male 
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and female values being very close to each other. Thus, this age group corresponds 
to the situation of a population class with minimum biological factors. It can 
therefore provide a reference population to which all other age groupings can be 
compared. 

The aim of the present study was to compare the different biochemical indices of 
bone remodelling under physiological conditions. This is possible by use of the 
reference Z-score. The commonly used Z-score is the calculated deviation from the 
mean value of the distribution of normal samples expressed in standard deviation. In 
this study, the distribution of samples of the reference population is used (RZ-score). 
Originally, the concept of the upper reference limit was suggested and the 6th decade 
was chosen to provide a reference population in a study of the total serum ALP 
activity [13]. In that concept, however, the log-normal distribution of the values was 
not applied. The 6th decade is not suitable because of the sex-related differences for 
bone remodelling in this period. 

The present results demonstrate that bone ALP, TR-ACP and urinary hydroxy- 
proline values peak in the first two years of life and before the end of puberty. This 
is in good agreement with previous studies of bone ALP and urinary hydroxyproline 
in children and adolescents [5-9,13-16], as well as with anthropometric data [17]. 
Similarly, the additional bone ALP peak between 6 and 7 years of age precedes a 
temporary increase in total body calcium which is higher in boys than in girls [17]. In 
agreement with the morphometry data, a significant correlation is found between 
the growth rate and biochemical indices of bone remodelling in children and 
adolescents. The correlations of bone ALP with values for height and weight were 
less pronounced [16], 

In this study, sex- and age dependency of TR-ACP is shown. Histochemically, 
TR-ACP is characteristically localised in the osteoclast. The number of osteoclasts 
rather than osteoresorption by osteoclasts seems to be indicated by the TR-ACP [2]. 
The enzyme activity is increased not only in children but in postmenopausal women 
as well. This corresponds to the changes in bone ALP and urinary hydroxyproline 
excretion, demonstrated in this study and by others [16,18], and with our data 
relating to an artificial posimenopause [19]. Individuals with any evidence of bone 
disease were not included in this study. However, greater than 30% of bone 
resorption is required before changes in bone density become visible by X-ray. This 
explains why women with increased biochemical indices of bone remodelling in the 
6th decade were not excluded from this study. 

The bone ALP, TR-ACP and urinary hydroxyproline values are closely correlated 
with each other. This is in good agreement with the concept of the coupling of bone 
formation to bone resorption [1]. However, in children the urinary hydroxyproline 
values are significantly higher when compared with those of bone ALP and TR-ACP. 
Sex hormones could be responsible for the observed evidence of differences in 
osteoclastic resorption efficacy in children and early postmenopause as compared 
with the reference population. Estrogens accelerate skeletal development and retard 
longitudinal bone growth [20,21] and reverse bone loss following the menopause. 
The sex hormones may have a direct inhibiting effect on bone resorption [22]. 
In both sexes, the highest urinary hydroxyproline excretion and peak rate of 
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growth occur almost simultaneously [9]. The urinary hydroxyproline peaks about 
three months before the menarche [23]. In this study, the dissociation between bone 
ALP and urinary hydroxyproline excretion peaks during the last year before the end 

p JI TT P r age - At thlS age ' the greatest d '^ocation between skeletal 
growth and mineralisation was reported [21]. This may in fact explain the peak 

sexls 6 [24] ffaCtUreS ° bSCfVed m ° hildren ° f 10 - 14 yCarS ° f in ^ h 

The dissociation between urinary hydroxyproline and bone ALP in both sexes 
takes place also in the first year of age when the growth spurt is the highest. During 
this period, as m acromegaly [25], the 'additional' hydroxyproline may come to a 
greater extent from tissues other than bone since the connective tissues of the whole 

addi^; H " T lhat in PUbemI and P<> s «™opau S al individuals the 
additional hydroxyproline would originate from the non-dialyzable hydroxyproline 
from t.ssues other than bone. A further study of the hormonal i„ fl «Wo^^ 
biochemical indices of bone remodelling during puberty and following estrogen 
withdrawal is desirable. 6 <=Miogen 

S i^r e ,!T r $ ; 0t . rdated to the liver isoenzyme of ALP which show* a 

^gmf^ant upward trend w It h age and appears to account for the increase ,n total 
ALP activity j n older age groups [14]. 
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ln^ ariS *°o of K the 1 Ant : ath ero9enic Effects of Probucol and of a Structural 
Analogue of Probucol ,n Low Density Lipoprotein Receptor-deficient Rabbrts 

Joachim Fmobls - Danlol Steinberg,- Hans A. Dresel,' and Thomas E. Carew" 



Abstract 

The efficacies of probucol and a close structural analogue 
as antioxidants in the prevention of atherogenesis in LDL 
receptor-dcflcicnt rabbits were compared. The antioxidant 
potency of the analogue in vitro w 3S equal to that of probu- 
col. Its biological availability was much greater: almost com. 
parable concentrations in total plasma were achieved by 
feeding 1% probucol ( wt/wt) and 0.05% analogue ( wt/wi) 
Total plasma concentrations were comparable, but the con- 
centration of probucol within the LDL fraction *w about 
twice that of the analogue. Probucol slowed lesion progres- 
sion by almost 50%, confirming earlier reports- the ana- 
logue, however, showed no detectable inhibitory effect on 
atherogenesis. Resistance of LDL to oxidation was measured 
at the end of the study by incubating it with Cu^ and 
measuring the rate of dienc conjugation. Probucol pro- 
longed diene conjugation lag time from the control value of 

ll!T,t 0 >1,0 °° ^ ThC anaI °8 uc a PP™ a teIy 

tripled- the lag time (mean, 410 min) and yet failed to slow 
the atherogenic process. The result* suggest that LDL resis- 
tance to oxidation must reach some threshold level before 
there is significant protection against atherogenesis. How- 
ever, probucol has additional biological effects, possibly not 
shared by the analogue, that could contribute to its antiath- 
erogenic potential. (/. Clin. Invest 1994, 94-392-398 ) Key 
words; atherosclerosis • macrophages - oxidation . antioxi- 
dant • drug therapy 



Introduction 

Many lines of evidence, based on St udics in cell culture and in 
experimental animals, suggest that the conversion of native LDL 
to oxidative* m od ined LDL is a critical step in the atherogenic 
process ( 12). Probably the most compelling evidence in favor 
•f *e owdauve modification hypothec of atherosclerosis is 
that annoxidants have been shown i„ six of ^ publi<hed 
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trials (3-11) to slow the rate of progression of experimental 
atherosclerosis by more than 50% in LDL rcceptor-deficiem 
rabbits (3-5) and in cholcstcrol-fcd rabbits (7-9) One study 
of v,tamin E in cholesterol-fed monkeys gave marginal results 
(11) and one rabbit study was negative (10). A majority of 
these studies made use of probucol as the antioxidant (3-6 9 
10). Unfortunately probucol has a cholesterol-lowering effect 
and several additional biological effects that could very well 
contribute to or even be primarily responsible for the antiathero- 
genic effects observed. In some studies the cholesterol-lowering 
effect of probucol has been taken into account by treating the 
control group in such a way as lo match cholesterol levels (3). 
in other studies this has not been done (4-6). The additional 
biological effects that may come into play include the ability 
of probucol to inhibit release of H.1 (12) T to incrcase the 
expression of cholesterol ester transfer protein <>3> 14 >. and to 
act at an intracellular level to modify oxidative metabolism 
( 15 ) The possibility that probucol's antiatherogenic effects are 
mainly related to its action n$ an antioxidant is strengthened by 
the fact that two other antioxidants have been shown to be 
effective against experimental atherosclerosis. Burvlated hv- 
droxytoiuene (BHT) ' was shown by Bjorkhem and co-workers 
to inhibit atherosclerosis in cholesterol-fed rabbits (7)- N 
diphenylphenylencdiaminc (DPPD) was shown to be effective 

/Tn^ 01 ^" 0 ^^ fabbitS ' by S P anw 8nd workers' 
(8). BHT is structurally closely related to probucol but it does 
not share the cholesterol-lowering effects of probucol. Tims the 
Bjorkhem study is not confounded by the issue of cholesterol- 
lowering. On the other hand, BHT has not been tested to see 
whether 11 shares some of the other biological properties of 
probucol. Because of its structural similarity it may very well 
do so. DPPD is structurally quite different from BHT or probu- 
col and again does not have any cholesterol-lowering effect. 
The fact that Sparrow and co-workers obtained a result rather 
similar to that obtained using probucol is consistent with the 
possibility that probueol works primarily as an antioxidant 
However, it does not prove it beyond doubt. Thus there is a 
need to carry out studics with additional antioxidant compound, 
and to show unambiguously that the protective effects are due 
to the antioxidant effect The present study explores the effects 
(Fil T) W ami0Xidant ' a d05C scnjccuraJ ^oguc of probucol 
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Figure J. Owmical structures of probucol (top) and bis(3.S-diterbuty|. 
4-hydrox>phenyletheT)propane (BM15.0639) ( bottom). 



from few litters. The animals were divided into three groups a control 

lerol fcobucol (a g,ft from Merrell Dow Pharmaceuticals, lnc) was 
added rathe chow at a concentration of 1* (wi/*,). DM15.0639 
[b«(3 ; 3K),-tcrt-butyl-a.hyd rOT yphe„ylcthor)prop a ne]. a gift from 
Boehnnger Mannheim, Mannheim. Germany is much more bioavajlable 
than probucol. yielding similar plasma leveH at 1/20J, the dose of 
probucol. Therefore it was fed at a concentration of 0.05% fwi/wrt 
Th.4n.ti were added to .be chow in diethyl c„e, am) „ ^ 
was .mularly treated with plain solvent. The chow w„ dried for several 
days before use. The rabbit were fed the diets for 30 wk starting at , 3 

^ < * 0W n " i0 " ea4ut ^ ™"*«* 80 to 

1W g as the rabbin, grew. Extensive s0ld je 5 on the pharmacology and 

™*op of BM15.0639 in rabbits were conduct by BoeSngcr 
Marmhetm. No adverse efface at d,e doses used »« found (H a 
Drese I. unpublished ta), and none were found in the p reSen t studied 
vJZT T °"i daerminmi <> n l*v<h. Plasma sample, 

^ . nt> " Wd USm8 an a «'<>ra«««<l cnZynii-Uc technique (Boon- 
Z'Tol? , DilSn ° StiCS ' '"^P""- IN)- The samples were 
used to dwrnune drug levels in plasma. The concentrations of probucol 
and of BM1S.0639 were determined using the same HPLC aTay 7n 
brief, plasma „mpi es were extracted with methanol/ncetone. 3:2 (vol/ 

nv W T ,,0n ^ 2 -P en ^- b ""^<'i-'-b«.yl-4-h y droxyphi 
rryl)m«cap l0 , c „ ,„ crao , sun< , 3pd , and parti.ioned into heptane The 
«ur, P les were analyzed by HPLC on a C,.-revcrsed phase column eluted 
acetomtnle/hepune/0.1 M ammonium acetate. 92:6:2 (vol/vol) 
Absorption at 254 nm for probucol and at 234 „ m for BMIS 0639 wis 

same method Tbe concentration of probucol and BM1S.0639 in tissue 
was de«rm. ne d by HPLC after enzymaticlly digesting, homogenizing 
wll^T, (,6) - In brief ' 100 »* w incub.tS 

bpose (2 nuj/ml) for 3 h ot 37'c. Enzymes were from WonhinMon 

tST? ^ ! * gr0UBd -* hss P" 1 ^ «ystem. Internal standard was 
added and the aamp.cwas extracted twice with hexanc. The combined 
he«ne phases were dned under a stream of nitrogen. The cx.rao.ed 

~ j'pzasir^ m *- - - *- 

/«la,,<,|, ^Ut modification. LDL (<f = 1.021-1 060 ./ 

mxo EDTA after an m-emtght f» (17). Protein was determined by the 



method of Lowry el al. (18) with BSA as a standard. At the end of the 
!£tT, i;? " lensive 'y PBS containing 2 mM 

EDTA. LDL was subjected to prowidative conditions to study its resis- 
tance to oxidation as follows: preceding the use of LDL. EDTA was 
removed by dialysis against PBS. Unlabeled or "'Mabeled LDL was 

f^T,'. °T F "'° medium { 100 ^ LDL P™«in'"»> »»<« was 
incubated .n 60-mm plastic dishes with confluent rabbit aortic endothe- 
hal cells for 18 h or incubated in PBS in the presence of 5-10 M 
CUSO,. The formation of conjugated dienes was measured as the in- 
crease in absorption al 234 nm. Lug times were determined graphically 
as the t,mepo,„. at which the tangent to the curve during the Maximum 
slope of the propagation phase intercepted the time axis. Absorption at 
the beginning of the reaction was set to «ro. Thioburbituric acid- 
reacttve lAiwei were measured as an index of die degree of lipid 
pcrox.dat.on (19). The extent of LDL oxidmion w,i also assessed in 

S^ln?"?" in " IC ° f ***** ^ nvKSOphageS: 10 Me 
of I-LDL (nauve or modified) in 0.5 ml DME was added to mou« 
peritoneal macrophage, in 24-well dishes and incubated at 37"C for 5 
h. Tnchloroacetic acid-soluble radioactivity in the medium and cell- 
assodated radroaclivjiy »ere then determined. 

Extent of aortic Ivions. Bach rabbit was given 1,000 IU heparin 
Md then was deeply anesthedzed with sodium pentobarbital (50 Ml 
kg). The systemic circulation was perfused with 2 liters of isotonic 
PBS conuunmg 2 mM EDTA through a large-bore cunnula introduced 
.mo the apex of the left ventricle while collecting the efflux, from „„. 
severed „gh, vcnrric.c. The aona was then feed in situ wi* half! 
strength Karnowsky's solution for 20-25 rain. A perfusion pressure of 
80 mm H« was maintained during the entire procedure, using larse 
elevated I reservo.rs. The entire aorta was removed and cleaned of IcSe 
advenuna] USSU e. The thoracic and abdominal aortas were divided 5 
™ P r «'"«" » *• «liac anery. Each segment was opened longitudi- 
nally and fixed in half-strcngth Kamowsky s for m. additional 24 h The 

7r i ', J y WCre P hOT0 E»Pt"=<I »nd digitally recorded using 
a Cohu sobd-state camera connected to a personal computer via a data' 
■eetaotogy 2851 frame grabber board. The captured image was pro- 
cessed usmg image pro II software (Media Cybernetics. Inc.. SiWer 
Spring. MD). The areas of sudanophilic lesions and the total area of 
each aoruc segment were determined (20). The extent of lesions was 
expressed as percent of total aortic surface area involved. 

Mctubclic macs. In subsets of four rabbit, from each of the three 
Afferent treatment groups, urterial LDL degradation rale, were deter- 
mined at killing. LDL was isolated from pools of plasma of each group 
as described above. The LDL was first iodinated conventionally wiu\ 
I using U.4.f>tetrach)oro-3o:,6< 1 -di P henylglycouril (lodogen; Pierce 
Cbem,ca| Co. Rockford. IL). It w» men covalotly linked ."^ 
ryramine ccllobiose (•''I.TC), a lysosomally trapped tracer, with cyan- 

loT^J V 5 *° of ^1* *« soluble in 

10% (wt/yol) mchloroacctic acid. Radioactivity extractable into 

Til+iTZl 1:1 (vol/v<>1 )- •* 2.41±0.34% for '«I and 

1.47+0.33% for >»l. The specific activities 0 f " S I and »'I-TC ranced 
from 281 to 462 and 65.4 to ,26 cpnVng protein, respective!^ Tine 
LDL w« used 2-3 d after lubeling. which was 3-aV.ftcr initial 
Ltolaoon. The doubly labeled LDL (6.97r 1^9 x 10" cpm of m I and 
1.80r0.42 x 10" cptn of "'I) was injected intravenously after the rabbits 
had been injected with 3 mg of Nul to prevent uptake of radioiodida by 
I , ™ 6 animi " 5 rtCeiVtd t "" aob >BO^ LDL. The plasma decay 

of blood begmnrng at 10 min after injection. At killing the systemic 
circulunon was perfused «u> PBS; the aoruc were fixed in situ, dis- 
sected, siained. and photographed: and the sudanophilic lesion uren was 

tZEFtZ ■ OTt>ed abOVC - ^ >0niC a,Ch ^ from the 

descend ng thoracic aorta I -2 mm below the ductus scar. Sudan posiu've 
atherosclerotK lesions and negative nonlcsioned areas were con M of 

and plasma samples were measured in a well-type y-scintillatjor^ounler 
(Compu Gamma; LKB Instruments Inc., Gairiersburg, MD) with cor- 
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Table L Inhibition of Cu 7 ~- and Endothtlial Cell-promoted 
LDL Oxidation In Vitro 



Addition* 






TBAKS 


mocropriases 


- 








nmol MDMnl 




Naijvc LDL None 


1.4 


0.6 


LDL incuboied *ith endothelial celts 


4Q 


0-W 


1 ijM profcuco! 


42 


9.15 


?..5uM probucol 


37 


7.30 


5 protocol 


6 


1.20 


None 


3? 


9.00 


1 mM DM 1 5.0639 


Nondeiectahle 


1.05 


2J >iM BMI5.0639 


Nondcicctablc 


1.45 


5 uM BM 15,0639 


Non<Jetect&blc 


1.13 


None 


4B 


6.7S 


LDL incubated «nih Co** 




I jiM probucol 


52 


6.0S 


2.5 fM probucol 


52 


4.6S 


5 x*M probucol 


23 


0.86 


None 


50 


6.45 


1 iM BM 15,0639 


55 


3.95 


2^ pM BM 15.0639 


41 


0.95 


5 uM BMI 5.0639 


6 


i.00 



I-LDL (100 //g^ml) was incubated for 1 8 h with either 5 M M Cu ,J " 
or endothelial cells in F-10 medium. The extent of LDL oxidation 
in the presence of probucol or DM15.0639 was then assessed by 
measuring ihiobarbituric acid-reaciive substances <TBaRS) and the 
rare of degradation by macrophages. 



rections for overlap of ihc energy spectra of die two isotopes, for back- 
ground activity, and for isotopic decay. The rate of LDL cuuibolism in 
the whole body and in sonic tissue* was then determined as described 
in detiul previously (2?>. The procedure U ba.,cd on rhc nearly complete 
lysosomal retention of TC after TC-LDL degradation, i.e., TC acts as 

wtT'lP 0 * ligaad/ * The * nerial conlcm of conventionally iodinated 
^ I-labeled LDL, i.e. undegnded native LDL. was used to correct for 

1-TC covnlcndy bound to undegraded LDL within the artery, thus 
allowing assessment of the fraction of LDL degraded. " 5 I derived from 
degradation product* of conventionally labeled LDL are not trapped 
intracellular!/ and ure not retained in tissue fixed with half-strenpth 
Kamowflky\<c (22, 23). 

Histology. For immunohistochemistry, serial 5- M m thick secaom 
were cut from the paraffin-embedded aortae and stained with RaM-11 
W). a monoclonal anribody specific for rabbit macrophages; or HHF- 
35 (25). a monoclone antibody agninsi actin; or MDa2 (26) a mouse 
monoclonal anybody ugainst MDA-LDL u described in detail pre- 
viously (27). We used an avidin-biotin-allcaline phosphatase system 
( Vector Laboratories. Inc.. Burlingamc Ca) for visualization. To inves* 
ugate lipid distribution in tissue, l0>m thick froien sections were cut 
from OCT-erabcddcd aortae. Lipids were gained with 0.4% Sudan black 
a in propylene glycol (28). 

Statistical analysis. All results arc expressed .is mean±SEM Differ- 
ences between treatment groups are assessed by analysis of variance 
and covanance. The statistical analyse* were performed using BMDP 
statistical software (29). * 

Results 

^hibithn of LDL oxidation in vitro. The potencies of 
BM15.0639 and probucol in the inhibition of LDL oxidation in 
vitro were compared. As shown in Tabic T t probucol showed a 
parx,al inhibition of LDL oxidation by endothelial cells at 2 5 
and almost completely blocked oxidation at 5 aU Hie 




1S& 20D 



T1m» (tfoy*) 



Figure 2. Plasma concen- 
trations of BM15.0639 
and of probucol in 
WHHL rabbits as a func- 
tion of days of treatment. 
Plasma samples of ani- 
mals were token at differ- 
ent timepoints and ana- 
lyzed for drug content by 
HPLCfsee Methods). 
The data shown are mean 
plasma concentrations 

rSEM. • , 

BM15.0639 (n = II); 

■ , probucol 

<H - 6). 



analogue was even more potent in this in vitro test system 
inhibiting oxidation of LDL almost completely even at 1 /iM.* 

Oxidation induced by incubation with copper ions was also 
inhibited effectively by both compounds. Probucol again 
showed inhibition at 2.5 and almost completely blocked at 
5 vM; the analogue showed a definite effect a 1 /iM and was 
completely inhibitory at 2.5 »M. It should be noted that the 
concentrations of drug actually reached within the LDL particles 
under these conditions is not known; the drugs were simply 
added m ethanolic solution but no measurements of the fraction 
entering the LDL particles were made. 

Both drugs were also shown to inhibit LDL oxidation as- 
sessed in terms of increased electrophoreiic mobility and the 
ability of the oxidatives modified LDL to induce accumulation 
of cholesterol esters in macrophages. These results were conso- 
nant with those described above, Lc.. the analogue had a some- 
what greater potency than that of probucol itself (data not 
shown). 

fVfljrma drug levels and degree of protection of plasma 
LDL against oxidative modification ex vivo. Previous studies of 
phurmacodynamics at Boehringer Mannheim laboratories had 
shown that BM15.0639 w ttS m UC h more readily absorbed than 
probucol (H. Dresel, personal communication). In fact compa- 
rable blood levels were reached at I /20th the dose of probucol 
As shown in Fig. 2, total plasma concentrations of the analogue 
and of probucol were almost exactly the same when probucol 
was included in the diet at \% (w/w) and the analogue at 
0.05% (w/w). However, even though the mean total plasma 
concentrations of the two drugs were similar, the concentration 
of probucol in the LDL particles was approximately twice as 
high as that of the analogue: 27.8 nmol probucol/rng LDL pro- 
tern vers™ 12 nmol of analogue/mg LDL at 30 wk. Both drugs 
were transported almost exclusively in lipoproteins, i.e., almost 
none w a3 found in the 1 .21 bottom fraction. The higher concen- 
trations of probucol per LDL particle reflected in part the de- 
crease in total plasma lipoproteins in the probucol-trcatcd group 
(i.e., the drug w 35 distributed among a smaller total number of 
lipoprotein panicles) and the fact that a higher percentage of 
the total plasma lipids was found in the LDL fraction in the 
probucol-treated group* (i.e., the VLDL dropped to a greater 
extent than did the LDL so that the fraction of total plasma 
tpids represented by the LDL increased as did its share of the 
lipophilic drug). 

LDL was isolated from the plasma at the end of the feeding 
penod and tested for its resistance to oxidation cx vivo. The 
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Figure 3. Real-time rate of Cu 3 * -catalyzed diene conjugation in 
plasma LDL isolated from control rabbits and rabbits treated with 
BM15.0639 or probucol. LDL isolated from rabbits after ?0 wk of 
treatment was pooled and subjected to Cu^-promoied oxidation TT,c 
formation of conjugated diene* was measured by measuring che absorp- 

^Vl 4 ^ C ? ntr0! LDL + 10 ^ M Cu " ( ■ >■ *>nut>I 

LDL + 5 f*M Co- ( » ), BM15.0639 + 10 

Cu2 * < □ ). BM15.0639 + 5 /*M <V* { O ) 

probucol + 10 M M Cu 2 * ( £ ), probucol + 5 uM C« ? * ' 

< — - o — ). 



samples were incubated in Lhc presence of 5 or 10 /iM CuSO, 
and the rate of conjugated diene formation was followed by 
measuring absorption m 234 nm. As shown in Fig. 3. LDL from 
animals treated with probucoj was almost completely protected 
against oxidative modification for over 1,000 min under these 
condition*. In contrast, LDL from the animals created with the 
analogue, although showing a definite extension of lag rime 
compared with control LDL. was much less well protected The 
d,ene conjugation lag time for the analogue- treated animal., was 
313 mm > n the presence of 10 M M copper and 410 min in the 
presence of 5 ,/M copper. The control samples showed lug times 
of only a little over 100 nun. 

To determine whether the results obtained at the tcrrninarion 
of the study were representative or not, w C studied a small 
number of animals fed the drugs for 14 d or for 9 wk. As shown 
m Table D, the results were very similar to those obtained at 
the end of the study, i.e.. the lag time for diene conjugation 
was prolonged to a much greater extent in the LDL from probu- 
col-trciited animals than in the LDL from the analogue-treated 
animals and both were considerably longer than the value in 
the controls. 

Effects of treatment. None of the animals showed any sign* 
of toxicity and the weight gain in all groups was similar Total 
plasma cholesterol in the untreated controls wax 788+ 113 mg/ 
dl dunng the srudi«. The analogue did not decrease plasma 
cholesterol at all (745^102 mg/dl) but probucol. as expected, 
did (581±115 mg/dl during the study). Lipoprotein profiicv 
earned out at time lero and after 18 wk of feeding showed that" 
HDL accounted for only < 2% of the total plasma cholesterol 
and there were no significant differences in HDL levels between 
the probucol-treaied and the analoguotreated groups- both 
showed a drift downward during the course of the study The 
LDL fraction accounted for 27% of the total plasma cholesterol 



Table U. Effects of Probucol and of BM 15.0639 on 
Cu 2 ' -catalyzed Oxidation of Plasma LDL after 2. 9. 
and 30 wk of Treatment 







Lag timet 




Length of treatment 




BM 15.0639 


Probucol 




min 


»ttn 




14 d 
9 wk 
30 wk 


137.1 (2) 
135.0 (2) 
123.0 < JO) 


403,7 (3) 
496.7 (3) 
410.0(11) 


935.8 (3) 
928.3 (3) 
> 1080 (6) 



LDL (100 Mfi /mi) was incubstcd in PBS and oxidation was initiated by 
adding 5 M M Cu Lag times were determined as described in Methods, 
values in parentheses arc number of anjrrals. 



at the beginning of the study. However, because there was 
a large decrease in VLDL cholesterol in the probucol group 
(-50%). LDL accounted for a larger fraction of total plasma 
cholesterol at the end of the .study. As discussed below these 
shifts are relevant to the observed changes in drug concentration 
within lipoprotein panicles. 

The extent of sudanophilic lesions in the aortas.of the three 
groups is shown in Table in. The quantification of surface 
lesion areas by digital imaging showed significantly less athero- 
sclerosis in the probucol-treaied animals compared with die 
control animals (P < 0.01). The total arterial surface area 
involved jn lesions was reduced by almost 50%. The reduction 
of arteriosclerosis was highly significant (P < 0.01) in all three 
segments of the aorta. The slowing of the atherosclerotic process 
was most pronounced in the descending dioracic aorta (-71%). 
On the contrary, in rabbits treated with BM15.0639 the extent 
of aortic lesions was unchanged compared with the control 
group. The small differences in individual segments of the aorta 
were stutistically not significant. 

In an attempt to assess the extent to which the decrease in 
plasma cholesterol caused by probucol might have contributed 
to its observed antiatherogenic effect, a statistical analysis of 
variance with cholesterol a* covariant w as performed. Because 
there was no difference in lesion area between the control group 
and the analogue-treated group, the results in those two croups 
were pooled (32.8±6.9% of aortic surface covered by lesion*) 



Table III. Extant of Aortic Lesions in WHHL Rabbit* after 
Treatment with BM 15,0639 or Probucol 



Bute ni of aortic ktfioci* 



Experimental ^up Total aono Afcft 



r.)eKen<tjnf! 
Uioncic Abdominal 



Untreated (n = 10) 
BMI5.0639 (n = 11) 
Probucol (n - 6) 



32.8r5.8 
32.^4.9 
17.8*3.8 



% of surface aw-.a Invert 

66.0±1LG 
71- 5± 13.8 
47.6± 10.4 



29.1 ±9.0 I9.2±4.1 
27.0±3.8 17.9±3.9 
8.4r9.4 10.9Z4.7 



Surface areas of siKh.nOpbiiic lesions were determined by digital im- 
aging and expressed a* percentage of total arterial surface. Probucol 
treatment decreased the extent of arteriosclerotic lesions significantly 
(P < 0.01) compared with untreated end BMI5.0$39-treated animals 
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Table IV. Rates of LDL Degradation in the Aorta (fraction of 





Arch 


Descending 
thoracic 


AtxJomina) 


Untreated (n - d) 
BM 15.0639 in = 4) 
Probucol (n = 4) 


24.8±3,6 
I8.4±5.4 
13.ii4.5 


2I.0±I1.9 
21.5±L2.6 
I0.0r8.9 


J0.9rl.9 
$.0=4.7 
5.9r2.3 



Analysis of variance with repeated measure* was used to compare data 
between groups. Differences between prohucol-trcaicd and untreated 
animals were significant (F - 0.001). BMI3.0639-irc«£d animals were 
not different from untreated at P - 0.372. 



Before adjustment for plasma cholesterol levels, lesion area in 
the protocol-treated group was 17.8±3.8% and after adjustment 
19.2%. The latter was still significantly different from the value 
in the control group (32.4% after adjustment) at the P < 0 01 
level. 

Metabolism of LDL in the whole body and within the arte- 
nal wall was measured in three subgroups of four WHHL rab- 
bits each. The rare of LDL catabolism in the whole body showed 
similar fractional catabolic rates (control rabbits. 0.016=0' 001 
h ; BM15.0639-treatcd rabbits, 0.015z0.00l h" [ - probucol- 
u«aud rabbits. 0.012-0.002 h" 1 ) The rate of LDL degradation 
wuhin lesions, on the contrary, was significantly decreed in 

™?^VlS lC<i Whh Pr0bUC ° l < TabIe IV >' Aninials ***** with 
BM15.0639 showed no significant difference in fractional cata- 
bolic rates within lesions. 

Drug levels in aortic tissue and histobgy. The concentra- 
tions of probucol and BM15.0639 in aortic tissue were deter- 
mined in a separarp, set of animals after 2 and 1 8 wk of treatment 
At both time intervals, the concentrations of the compounds 
were almost identical, both in normal aortic tissue and in le- 
sioned area.. After 18 wk of treatment both compound, were 
found at much h.ghcr concentrations within lesions than in nor- 
mal aorta. The drug levels measured after 18 wk are show* in 

The cellule composition of lesioned arterial tissue was ex- 

iT ™ « t0,0gy - We Used * e 

^ ',Tr 35 - ^ MDA2 ' SJ>ec,f,c for ™«<> P hages. 
smooth muscle cells, and maJondialdehydc-modificd LDL re- 
spectively. Comparing lesions at similar stages of development, 
no obvKujs treatment effect on cellular composition wa,,een 
To examine the distribution of lipids within the arterial wall' 
frozen sections were prepared and stained with Sudan black B 
A representative number of sections from all three segments of 
rht aorta were analyzed. No obvious change in lipid distribution 
was found among the three treatment groups. 

Discussion 

H£L7? K , COnr T'! ,e or probucol as an and- 

atherogen,. drug m LDL receptor-deficient rabbits. As in previ- 
TtoT'Z!?^- (he P^ucC-treatcd animals showed about 
a 30* inhibiuon in the extent of lesions, and the LDL from 
*«c onii singly resmed oxidative modification in vino 
A*™ die studies of Crew « al. (3). we were able to show 
0m the rate of uptake of injected native LDL into atheroscle- 
rotic lesions WH sharply reduced in the probucol-treated ani- 
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Figure 4. Concentmuon of probucol and BM15.0639 in aortic (issue 

^Sw^ 6 " 1 rabbil£ wcre fcd fi c <>nuining 1% probucol 
or 0.05% BM15.0639 for 18 wk. Aoru* were removed J* divSed imo 
arch, descending thoracic, and abdominal aorta. Drug concentrations in 
lenoned and unlesioned tissue were determined separately as described 
in Method... The results shown are means of three animals per group 



Tn,*" J^VV?'* likel y ***** Probucol inhibits oxidation of 
LDL, tor the following reasons. First, earlier studies have shown 
that most of the uptake of injected native LDL into lesions in 
these rabbits js attributable to uptake into macrophages (30) 
Second, Watanabe rabbits express almost no functional native 
LDL receptors and. in any case, these would be expected to 
be downrcgulated in the face of the very high plasma LDL 
concentrations found. In fact, in situ hybridization studies (31) 
have show,, (ha the LDL receptor is markedly downregulatcd 
m atherosclerotic lesions but that the acetyl LDL receptor is 
strong]y expressed. Thus it seems reasonable to conclude that 
most of the uptake of injected native LDL into lesions in this 
and related studies is attributable to macrophage uptake via the 
acetyl LDL receptor, which means the LDL must have been 
first convened from the native form to the oxidarively modified 
form Probucol would be expected to inhibit this conversion 
and the decreased incorporation into lesions in the probucol- 
treated animals is consistent with this imerpretntion. Alternative 
interpretations, however, are possible as diseased below. 

The probucol analogue studied here (BM15-0639) was just 
as effective as an antioxidant in vitro as probucol. Because of 
the much greater bioavailability of the analogue and because 
»e wanted to try to achieve comparable plasma levels of the 
two compounds, the analogue was fed at only 0.05% in the diet 
whereas probucol was fed at 1% (wt/wt). The total plasma 
concentrations of the two drug* at the end of the studies were 
m fact about the same. lesion development, however, was not 
affected by the treatment with BM15.0639. The rates of LDL 
degradanon within arterial lesion sites of BM 15.0639- treated 
rabbits was also not signifkandy different from control anirnals 
suggesting that oxidation of LDL w a$ not being inhibited LDL 
isolated from plasma of the analogue-treated animals at the end 
of the was pro[ected agajnst oxjdauODT but no[ ^ 

well as LDL from probucol-treated rabbits. Whereas probucol 
prolonged the diene conjugation lag time to values of =1 000 
mm. the analogue only extended the lag time to ~ 400 min 
(compared with the normal value of 130 min). Although the 
total plasma concentration* were sirnilar, the number of mole- 
culcs of probucol per LDL panicle wa$ twice the number of 
analogue molecules per particle. Thii was accounted for by two 
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factors: (a) the total plasma cholesterol of the probucol-trcatcd 
animals fell by 25% so that the drug was distributed into a 
smaller total number of lipoprotein panicles than in the case of 
the analogue-treated group and (b) the fraction of the total 
plasma cholesterol present in the LDL fraction increased by 
almost 50%. The latter was mainly due to a large drop in VLDL 
cholesterol. Thus, the larger number of probucol molecules in 
the LDL may be enough to explain the difference in degree of 
protection against oxidation. It is also possible that metabolites 
of probucol carried in LDL (not measured in these studies) 
may make a contribution to the protection against oxidation 
seen m the probucol-trcated group. The analogue probably is 
not metaboh/xd in the same way as probucol. Lacking the sulfur 
atoms m the bridge (see Fig. 1 ), its metabolism may be limited 
io the aromatic rings. Whereas metabolites of probucol were 
detected by HPLC, no metabolites of BMl 5.0639 were noted 
Whatever the mechanibm involved, the key question is whether 
the difference in degree of protection against oxidative modifi- 
canon ex vjvo is sufficient to explain the ineffectiveness of the 
analogue m lowing the progression of atherosclerotic lesions 
Compatible with this conclusion is the fact that the incorpora- 
tion of injected native LDL into arterial lesions was not inhibited 
in the analogue-treated rabbits. 

Little or no information is available that relates effectiveness 
of antioxidants in vitro to their antiatherogenic potential W c 
do not know whether there is a graded relationship or a threshold 
relationship. The latter possibility is a real one. Consider the 
transport of LDL into and out of the arterial wall. LDL panicles 
will on the average reside within the artery wall for some de- 
nned ume in tcrva^ (mean residence time). Schwcnkc and Ca- 
re* (32) have estimated the mean residence time of LDL parti- 
cles m the normal rabbit aorta and in the aorta of animals with 
experimental atherosclerosis. Under normal conditions with a 
^hort residence time within the artery wall, LDL might undergo 
very httle oxidative damage during transit. Once it reenters the 
plasma compartment, the chances that it will reenter the artery 
arc extremely small, *ince only a very small fraction of LDL 
turnover is attributable to arterial uptake. If the degree of oxida- 
tion of a particular LDL panicle goes beyond a certain point 
during its passage through the artery wall, that LDL may be- 
come a target for uptake via scavenger receptors or it" may 
undergo complexing with connective tissue matrix, or it may 
aggregate with other LDL particle,. In that case, its fate may 
be to suy ^definitely within the artery wall and wind up beinr 
taken up by macrophage scavenger receptors. The central point 
here is that in order to be effective, an antioxidant residing in 
the LDL pam c l c may need to protect it for a length of time 
near to or greater than the residence time of LDL withiu the 
artery wall. That time may not be the wmc as the diene conjuga- 
tion lag ume m absolute terms, because the latter is measured 
under artificial in vitro conditions that may or may not reflect 
the pro-oxidant -stress" within the artery wall, but there might 
be some proportionality. It is conceivable that there is a thresh- 
old level of protection that would represent rhc irnnimum neces- 
sary io exert an antiatherogenic effect. In this connection a 
recently completed study of the effectiveness of probucol' in 
Macaco ncfneszruui may be pertinent. Sasaharu and co-workers 
33) showed that probucol (1% w,/ wl in thc dict) mhibilftd 
fcs.or .formation by ~ 50% in the thoracic aorta (/> < 0 001 ) 
No effects were seen in the abdominal 30 rra nor in the iliac 
arteries, possibly because lemons were more advanced in these 
arterial segments. The investigators measured diene conjugation 



lag ume in the LDL isolated from these animals at the end of thc 
study. What they found w as that there was a negative correlation 
between the extent of lesion area and the prolongation of the 
dicoc conjugation lag time. They suggested that diene conjuga- 
tion lag times needed to be * 400 min in order io significantly 
inhibit lesion formation. This value is near the diene conjugation 
Jag time achieved with the analogue in the present studies an 
effect that was not associated with inhibition of lesion forma- 
tion. Th,s should nor be overinterpreted because of the species 
deference but the coincidental finding of a similar "threshold" 
in prolongation and lag time is worth noting. 

Although the proposed antioxidant mechanism is appealing 
it is still unclear whether this is the major underlying mechanism 

* tJ^fl,^ ™ S is ^P«A«Uy true, because 
BM15.0639 failed to slow the progression of atherosclerosis 
despite protecting LDL against oxidation ex vjvo. The decree 
to which LDL was protected was remarkably high compared 
with maximally achievable protection with natural antioxidants 
such a* vnarmn E, Probucol has a number of additional effects' 
which therefore need to be considered. First, probucol does 
have a cholesterol-lowering effect and cholesterol levels were 
somewhat lower in the probucol -treated group. However the 
difference was small and. as discussed above, correction for the 
.effect of the degree of hypercholesterolemia 0n thc extent of 
lesion formation accounts for only a very small , pan of die 
probucol effect in lesion formation. In thc studies of Carew et 
al. (3) the control rabbits were treated with a small dose of 
lovastaun, JU « enough to match the plasma cholesterol level* 
in diose treated w ith probucol. Thu*, a difference in cholesterol 
levels d,d not contribute to the antiatherogenic effect of probu- 
col in those studies. In the studies of Sparrow et al. (8) using 
DPPD, nnd thc studies by Bjdrkhcm et al. (7), testing BHT 
there were no differences in cholesterol level and the effective- 
ness of those two antioxidants in cholesterol- fed rabbits is 
clearly not due to a cholesterol-lowering effect. For all of these 
reasons it does not seem likely that the different results in the 
present studies are due to the small decrease in cholesterol levels 
induced by probucol. 

A second category of explanation for thc difference in effec- 
ts vencss of the two . compounds against atherogenesis is that 
probucol has additional biological properties that may not 
shared by the analogue. As pointed out in the introduction 
several of these properties could be relevant to its antiathero- 
genic eftect (12-15). The analogue has not yet been tested to 
determine whether it shares these properties with probucol 

c ^Ttl? thC ^P 1 ^ 1 ' 00 of unexpected ineffectiveness 
of BM15.<X539 against atherogencsis, these negative results arc 
instructive. Many investigators, including ourselves, have 
tended to assume that thc relative effectiveness of antioxidant, 
as antiatherogenic agents would parallel their effectiveness j n 
protecting LDL in ex vi vo measurements of oxidation under 
controlled conditions. CleHrly things are more complex. Much 
more work is needed to son out what thc true relationship is 
and to search for other relevant variables. 
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Jikken Igaku (Experimental Medicine). Vol. 6. No. 14, 1988. page 
130 (1446), left col., lines 9-11 * 

I have seen, in addition to the two cases reported by Matsuzawa 
et al, five cases of hyper-high-density-lipoproteinemia with 
turbxdity of the cornea. Of the five cases, two were accompanied 

by severe coronary disease. 
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